Article abstract-We assessed language functioning in 116 age-, education-, and severity-matched patients with the clinical diagnosis of Alzheimer's disease (AD), multi-infarct dementia (MID) due to small-vessel ischemic disease, or a frontotemporal form of degeneration (FD). Assessments of comprehension revealed that patients with AD are significantly impaired in their judgments of single word and picture meaning, whereas patients with FD had sentence comprehension difficulty due to impaired processing of grammatical phrase structure. Patients with MID did not differ from control subjects in their comprehension performance. Traditional aphasiologic measures did not distinguish between AD, MID, and FD. Selective patterns of comprehension difficulty in patients with different forms of dementia emphasize that language deficits cannot be explained entirely by the compromised memory associated with a progressive neurodegenerative illness.
difficulty due to impaired processing of grammatical phrase structure. Patients with MID did not differ from control subjects in their comprehension performance. Traditional aphasiologic measures did not distinguish between AD, MID, and FD. Selective patterns of comprehension difficulty in patients with different forms of dementia emphasize that language deficits cannot be explained entirely by the compromised memory associated with a progressive neurodegenerative illness. NEUROLOGY 1996; 47:183-189 Language deficits are common among patients with a dementia. For example, patients with probable Alzheimer's disease (AD) are widely recognized to have profound difficulties with single word comprehen~i o n l -~ and confrontation naming.5-7 Attempts to explain such language deficits have been confounded by the presence of other nonlanguage cognitive impairments, such as compromised episodic memory, that accompany a dementia. Thus, some investigators have claimed that the episodic memory deficit associated with AD can explain the patient's language d i f f i c~l t y ,~,~ although others have argued that patients with AD have a language impairment irrespective of these co-occurring deficits, such as compromised lexical semantic c~mprehension.l-~ The selective nature of this semantic deficit is emphasized by the patient's relatively preserved comprehension of grammatical aspects of sentences.l0J1 In this study, we report a comparative assessment of language comprehension in patients with AD, patients suffering from multi-infarct dementia (MID) due to small-vessel ischemic disease,12J3 and patients with a frontotemporal form of degeneration (FD), such as Pick's disease or dementia lacking distinctive histology. 14, 15 Distinct profiles of comprehension difficulty in groups of patients matched for dementia severity and memory impairment support the hypothesis that an episodic memory deficit cannot fully account for their language difficulty.
Direct comparisons of patients with AD, MID, and FD have rarely been performed. Differences in the language functioning of patients with AD and FD often have been assessed by clinical impressions of small series of patients who have not been matched for demographic features or overall dementia severity. Published reports have typically focused on clinical features such as the presence of a behavioral disorder, the prominence of perseveration, and the semiquantitative mental status examination.l6-lg Language deficits in FD, although not well documented, may include impaired sentence comprehension as well as confrontation naming difficulty, although single word comprehension may be less c o m p r o m i~e d .~~-~~ Direct comparisons of language functioning in patients with AD and MID have suggested that patients with MID are as impaired as patients with AD for so-called expressive aspects of language, such as confrontation naming, repetition, and category naming f l~e n c y .~~-~~ Comprehension may be relatively preserved in MID compared with AD, although this aspect of language has been examined only rarely.25,27 Despite the frequently stated resemblance of these two patient group^,^^-^^ there have not been direct comparisons of language functioning in FD and MID.
In this study, we tested the hypotheses that lexical semantic comprehension is significantly impaired in AD, that grammatical aspects of sentence comprehension are significantly compromised in FD, and that comprehension is more impaired in AD and FD than in MID. We expected these comprehension measures to be more effective at discriminating among patient groups than traditional aphasiologic measures of confrontation naming, category fluency, reading, and repetition.
Methods. Subjects. We examined 116 right-handed native English speakers (59 women, 57 men) with a dementia. They were recruited from the Cognitive Neurology Clinic at the Hospital of the University of Pennsylvania. These patients were judged to have a mild or moderate dementia that would not prevent them from completing the entire battery of tasks. We evaluated 62 patients (37 women, 25 men) with probable Alzheimer's disease, 26 patients (12 women, 14 men) with a probable multi-infarct form of dementia, and 28 patients (10 women, 18 men) with a probable frontotemporal form of degeneration. As summarized in table 1, the patient groups were matched in terms of age, education, disease duration, and severity of dementia. None of the patients had been previously diagnosed with a primary psychiatric disorder such as depression, schizophrenia, or bipolar disorder. There was no history of significant head trauma, intracranial mass lesion, demyelinating disease, movement disorder, or any other neurologic condition that could explain the patients' decline. Serum studies ruled out metabolic, infectious, and endocrinologic disorders that can mimic a progressive neurodegenerative condition, and there were no medical conditions that could account for the patients' deficits. Patients were not taking antidepressant or benzodiazepine medications at the time of testing. Clinical examination indicated that none of the patients had visual or auditory sensory limitations that could have compromised performance.
Patients with probable AD were diagnosed on the basis of NINCDS-ADRDA criteria.31 There was no history of stroke, and the score on the modified Hachinski scale was 2 or
Patients with MID were diagnosed on the basis of a score of 4 or higher on the modified Hachinski and criteria summarized by the NINDS-AIREN consensus c~n f e r e n c e . "~,~~ Briefly, they had a memory disorder that was often progressive in a stepwise fashion and was accompanied by other cognitive deficits, but there was no history of a major thromboembolic stroke. An MRI or CT scan revealed small-vessel ischemic disease but not evidence of a major stroke. Patients with FD were diagnosed on the basis of clinical criteria summarized in table 2; the criteria are derived from clinicopathologic studies performed in this laboratory and reported iin the literat~r e .~~J~J~,~~ There was no history of stroke, and the score on the modified Hachinski scale was 2 or less.32 Many of these patients also had SPECT scans demonstrating reduced cortical activity in a frontotemporal distribution. Eight patients (5 with FD and 3 with AD) received an autopsy diagnosis confirming the clinical diagnosis. The demented patients were compared with age-and education-matched control subjects who were spouses of the patients or who were recruited from the community.
The subjects were evaluated on a 30-min battery of measures assessing overall dementia severity and language comprehension. We also obtained brief measures of confrontation naming, category naming fluency, oral reading, repetition, and episodic memory. These measures were administered by technicians who were blinded to the clinical diagnosis and the hypotheses under study. The materials were presented in a quiet testing room. Patients unable to complete the entire battery were not considered in the statistical analyses described below. The tasks included the following:
Mini-Mental State Examination (MMSE)35: A brief clinical survey of intellectual functioning on a 30-point scale that provided an independent measure of overall dementia severity.
Comprehension. Category membership judgmentswords4: Patients judged whether each of 24 single words printed in black, lower-case letters on white cards were instances of a familiar superordinate category. The stimuli were presented in a blocked fashion for each of two superordinates ("vegetables" and "tools"). Half of the stimuli for each superordinate were targets and half were foils; half of the foils were semantically related to the target because they overlapped with the target category in many semantic features (e.g., "apple" for the target category "vegetable"), and half were semantically unrelated to the target category because they overlapped with the target category in relatively few semantic features (e.g., "chair" for the target category "vegetable"). Performance on this task was thought to be sensitive to lexical semantic processing, par-
Materials.
Overall dementia severity. ticularly a deficit discriminating between the target category and semantically related foils4 Category membership judgments-pictures4: Identical to "category membership judgments-words," but the stimuli consisted of color photographs of objects. Performance was thought to reflect visual semantic memory, and comparison with lexical decisions allowed us to test the modality-independent nature of semantic memory deficits.
Patients responded to simple probes of 12 orally presented sentences. To manipulate grammatical aspects of sentence comprehension, the sentences were grammatically simple (e.g., "The eagle chased the hawk."), contained a terminal subordinate phrase (e.g., "The eagle chased the hawk that was fast."), or contained a center-embedded subordinate phrase (e.g., "The boy that the girl hit was angry."). To manipulate short-term memSentence c~mprehension~~: ory in sentence comprehension, half of each type of sentence contained additional padding with adjectives to lengthen the sentence without changing the grammatical phrase structure.
Additional cognitive measures. Sentence r e p e t i t i~n~~: Patients were asked to repeat six sentences verbatim. The sentences were simple, terminal subordinate, or centerembedded subordinate in their phrase structure, and half were padded with additional adjectives so that the sentences ranged in length from 7 to 10 words.
Patients were asked to read aloud six sentences that were simple, terminal subordinate, or center-embedded subordinate in their phrase structure, ranging in length from 5 to 8 words.
Category naming fluency? Patients named as many different animals as they could during a 60-sec epoch. We did not count repetitions or category violations.
Patients were asked to name line drawings of familiar objects in an untimed fashion. An abbreviated, 15-item version of the Boston Naming Test was used.
Patients were presented with 10 words successively at a rate of one per second and then were asked to recall the words in any order. There were three successive presentations. We noted the total number of words accurately recalled during the three trials and the number of words recalled spontaneously 15 min later.
The patients' performance on each measure was converted to Z scores based on the performance of age-and education-matched control subjects. The mean performance of each patient group was compared with that of control subjects using these Z scores.
Planned parametric statistical tests such as analyses of variance (ANOVAs) and t tests were performed to determine differences between groups of demented patients. Individual patient analyses were performed on the Z score data to establish the proportion of patients within each diagnostic group that encountered significant difficulty in performing a task. from control subjects in their category membership judgments of single words. Individual patient analyses revealed that 53.2% of patients with AD were significantly impaired on this measure, at least at the p < 0.01 level, compared with 17.8% of patients with FD and 23.1% of patients with MID. We performed more detailed analyses to establish the basis for this semantic deficit. A MANOVA of performance on the category membership judgment task for words, using a group ( 3 ) x type of foil (related, unrelated) design, revealed a significant main effect for group (F[2,1131 = 3 . 6 7 ;~ < 0.02) and a significant group by type of foil interaction effect (FI2, 1131 = 4.05; p < 0.02). As summarized in figure 2, only patients with AD performed randomly in some aspect of their judgments, and this was evident only in their category membership judgments of semantically related foils. Patients with AD also demon- nificantly from control subjects in their category membership judgments of words and pictures, and more detailed analyses emphasized the semantic basis and the materialindependent nature of their comprehension difficulty. We compared these findings with analyses of sentence comprehension performance. Figure 1 shows that only patients with FD differed significantly from control subjects in their sentence comprehension performance. Individual patient analyses revealed that 46.7% of patients with FD differ significantly from control subject,s at the p < 0.01 level, compared with 37.1% of patients with AD and 19.2% of patients with MID. Patients with FD had significantly more difficulty in understanding sentences with centerembedded grammatical phrases (63% correct) than grammatically simple sentences (48% correct: t[271 = 3.10; p < 0.0041, and their performance was not affected by sentence length (longer sentences: 59% correct; briefer sentences: 52% correct). Patients with AD also were more impaired at understanding center-embedded sentences (52% correct) than simple sentences (65% correct: t[6ll = 3.42; p < 0.001). However, patients with AD were significantly more impaired at understanding longer sentences (65% correct) than briefer, grammatically similar sentences (52% correct: t[611 = 3.62; p < 0.0006). In summary, patients with FD have significant sentence comprehension difficulty that appears to be due in large part to a deficit in grammatical processing. Some patients with AD also are impaired in their sentence comprehension, but the sentence comprehension deficit in AD appears to be due largely to sentence length.
Other cognitive measures. Figure 3 illustrates the performance of patients with AD, MID, and FD on the other measures of language and memory functioning. It can be seen that all groups of demented patients differed significantly from control subjects on measures of repetition, naming, and episodic memory, although they did not differ from each other on these measures. None of the patient groups differed significantly from control groups in their category naming fluency performance. Patients with AD and FD but not MID differed significantly from control subjects in their oral reading.
Because of our need to define the relationship between memory and language functions in dementing conditions, we correlated memory measures-supraspan list learning and delayed recall-with performance on measures of lexical comprehension and sentence comprehension. We found a significant correlation between list learning and sentence comprehension only in patients with AD (r[601 = 0.674; p < 0.01). This confirms the selective contribution of memory to sentence comprehension in AD, although these results also emphasize the small overall role that episodic memory plays in the language comprehension performance of demented patients.
Discussion. These findings suggest that AD, MID, and FD result in different language profiles. Specifically, assessments of comprehension revealed significant difficulty in judging the semantic category membership of single words and pictures only in patients with AD compared with control subjects. The AD patients' parallel deficit for words and pictures, as well as their difficulty in discriminating between the target category and semantically related foils, emphasizes the semantic character and the materialindependent nature of their comprehension impairment. By comparison, only patients with FD were significantly compromised in their comprehension of sentences in comparison to control subjects-a deficit that appeared to be related in large part to their processing of the sentences' grammatical phrase structure. Patients with MID did not differ from control subjects and were less impaired than patients with AD and FD on both comprehension measures.
These unique patterns of language difficulty in different groups of patients matched for overall dementia severity and memory difficulty suggest that a dementia cannot fully explain the language deficits of patients with progressive cognitive decline.
Several studies have suggested that patients with AD have semantic memory im~airment.l-~ The results of the present study confirm this deficit with a simple procedure that does not require naming, memory, or other factors that could confound interpretation of the results. Moreover, detailed analyses of error patterns indicated specific difficulty in distinguishing between exemplars of a category and semantically related foils in AD, in the context of relatively preserved judgments of semantically unrelated foils. This profile of impairment is consistent with semantic difficulty in differentiating words that overlap in many semantic feature^.^ Additional support for the semantic basis of this deficit comes from AD patients having a parallel impairment in their semantic judgments of pictures. Several investigators have emphasized that semantic memory impairment due in part to a degraded mental representation of a concept should compromise performance in a supramodal fashion,4l and these observations confirm previous findings of such a central semantic memory deficit in AD, regardless of the material used to assess p e r f o r m a n~e .~-~s~~ Patients with FD did not differ significantly from control subjects in their overall performance on the word judgment task. Some case studies have claimed that patients with FD have semantic memory im~a i r r n e n t .~~.~~ We observed a trend toward greater difficulty with semantically related foils than unrelated foils in FD, although patients with FD did not differ from control subjects in their semantic judgments. Moreover, the pattern of judgments was different in FD compared with AD due to the relatively greater difficulty with pictures than with words in FD. Anterior temporal structures may contribute to the higher level of visual processing necessary for the appreciation of visual and this may account in part for the material-specific character of the category judgment deficit in FD.
Different patterns of sentence comprehension impairment were present in groups of demented patients as well, despite similar levels of overall dementia seventy. Patients with FD differed significantly from control subjects in their sentence comprehension, and this is the first report documenting a statistically significant deficit processing grammatical phrase structure in FD. The FD patients' impairment was unrelated to sentence length and did not correlate with memory performance; thus, the sentence comprehension deficit was independent of their memory impairment. Patients with FD may have difficulty with grammatical aspects of and we reported three patients from our FD cohort with the pathologic diagnosis of dementia lacking distinctive histology who had significant difficulty in processing grammatical phrase structure aspects of sentences.23 Presumably, the deficit with grammatical phrase structure in these patients is related to compromised functioning of left frontal regions.464
Although patients with AD did not differ significantly from control subjects in their sentence cornprehension, we did find somewhat greater difficulty in understanding sentences with grammatically complex phrase structures. Sentence comprehension involves multiple cognitive processes, and our observations are consistent with the possibility that difficulty understanding sentences in AD is multifactorial in nature. Sentences with complex grammatical phrase structures typically are longer, and we observed that longer sentences are more difficult for patients with AD. Moreover, memory difficulty was correlated with sentence comprehension performance only in AD. An impairment in understanding sentence length material in AD has been related in part to the patients' short-term memory impairment .49. 50 We evaluated patients with MID to determine whether their pattern of language difficulty resembles that seen in FD, as has been h y p o t h e s i~e d .~~-~~ Our observations are consistent with previous findings that the language comprehension deficit in MID is relatively Thus, these patients did not differ significantly from control subjects in their category membership judgments of words and pictures, nor did they differ in their sentence comprehension performance. Our observations therefore do not support the hypothesis that patients with MID are indistinguishable from patients with FD in their language performance.
Some of the ambiguity associated with previous language assessments of patients with AD, FD, and MID may be related to the nature of the language measures administered to these patients. Traditional aphasiologic tasks such as visual confrontation naming and category naming fluency have revealed mixed patterns of r e s~1 t s .~~.~~~~~.~~ These tasks are quite complex, and difficulty on measures such as these can be due to an impairment at any of several levels of processing. For example, visual confrontation naming requires at least decoding of a visually presented line drawing so that its mental representation in semantic memory can be found; the lexical representation corresponding to this concept must be identified and then retrieved; and the phonologic realization of the word must be fully formulated and articulated. Impairments in various aspects of a complex process such as this may account for the naming deficits in different groups of demented pat i e n t~. ' .~~.~~ We found that AD, MID, and FD interfere with confrontation naming to an equivalent degree, but additional work is needed to determine whether a deficit in confrontation naming is due to unique levels of processing difficulty in different groups of demented patients.
We also found that category naming fluency does Several caveats must be kept; in mind when interpreting our findings. We studied individuals with mild or moderate degrees of dementia; thus, our findings can be generalized only to these segments of a demented population. We have histopathologic proof for the underlying cause of the dementing disorder in only a small number of the patients we studied, and clinicopathologic studies of patients with confirmed diagnoses are needed in the future. We chose to study only patients who had completed the entire battery of tasks to maintain an intrapatient design, and there may have been some inadvertent bias in excluding patients who did not complete the battery. Any group of patients with a diagnosis of AD, MID, or FD is heterogeneous, and the tasks used to compare these patients in the present study were limited by the amount of time available. Additional studies are needed to compare in more detail the full spectrum of cognitive difficulties seen in AD, MID, and FD. With these caveats, we conclude that patients with AD, MID, and FD have different patterns of compromised language comprehension, despite similar levels of overall dementia severity and episodic memory impairment.
